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ENGINEERING FIELD MANUAL

CHAPTER 11. PONDS AND RESERVOIRS

PART I - GENERAL

1. DEFINITION

Ponds and reservoirs are bodies of water created by comstructing a
dam or embankment across a watercourse or by excavating a pit or dugout.
Ponds constructed by the first of these methods are referred to herein-
after as "Embankment Ponds" and those constructed by the latter method
as "Excavated Ponds." Ponds resulting from both excavation and embank-
ment are classified as Embankment Ponds where the depth of water impounded
against the embankment at emergency spillway elevation is 3 feet or more.

2. USES FOR WATER ON THE FARM

WATER FOR LIVESTOCK

Water is as important as forage in the production of livestock. In-
adequate stock water developments in pasture and range areas contribute to
an unstable livestock industry and livestock losses, prevent use of needed
grazing areas, and encourage overgrazing in the vicinity of existing water
supplies.

.Providing adequate water for livestock on range and pasture consists
of developing enough water to satisfy stock needs and providing a proper
distribution in relation to the available forage.

A pond should be of a size that will meet the needs of all livestock
that will use the surrounding grazing area. Table 11-1, showing the average
daily consumption of water by various kinds of lifestock, should be helpful
in estimating water needs.

Table 11-1. Daily consumption of water by livestock

Gallons per Head
Kind of Livestock per Day
Beef Cattle and Horses 12-15
Dairy Cows (drinking only) 15
Dairy Cows (drinking and barn needs) 35
Hogs 4
Sheep 2
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The total amount of water that will be consumed at one pond will
depend on the average daily consumption per animal, the number of live-
' stock served, and the length of period over which they are served.

TRRIGATION STORAGE

The required storage capacity of a farm reservoir used for irrigation
depends on a number of factors. These are the water requirements of the
crops to be irrigated, the effective rainfall that can be expected during
the growing season, the application efficiency of the irrigation method
used, the losses due to evaporation and seepage, and the expected inflow
into the pond. All of these can be estimated with reasonable accuracy and

a water budget prepared to determine the required capacity of the reservoir.

Where the acreages to be irrigated and the storage requirements are
small, the preparation of water budgets is often not justified. In such .
cases, Table 11-2, or locally developed guides, can be used to determine
storage requirements in small irrigation ponds and reservoirs.

Table 11-2. Capacity guide for small irrigation reservoirs 1/

“Annual Acre Feet per Acre Irrigated 3/

Climate Rainfall Vegetable Field | Perennial
Inches Crops Crops Crops
Superhumid Over 60 - 0.75 1.00 1.25
Humid 40 - 60 1.00 1.50 1.75
Subhumid - Moisf] 30 - 40 1.50 2.00 2,50
Subhumid - Dry | 20 - 30 2.00 2.75 3.50
Semiarid 10 - 20 3.00 4.00 6.00

Arid Under 10 Small reservoirs are not reliable

1/ Based on the assumption that the watershed area is adequate to
fill the reservoir at least once annually.
2/ Table is limited in use to 40 acres irrigated.

Where irrigated acreages are large the preparation of a water budget
is required. In such cases the problem should be referred to an experi-
enced engineer or hydrologist.

REGULATION OF TRRIGATION STREAMS

In some locations available irrigation streams fluctuate widely or
become so small as to limit the method of application, reduce the effi-
ciency of application, or require excessive amounts of labor. In such
ingtances, on-farm regulating or "overnight storaée" reservoirs may be
constructed to regulate and increase the available irrigation stream.
Reservoirs are filled by canal delivery, diversion, or pumping.

The regulating reservoir should be located where it will serve the
largest acreage possible consistent with the available water supply. The
capacity of such a reservoir will vary with the stream size to be regula-
ted and the period of time it is to be stored. Storage of the available
inflow for 24 to 72 hours is common.
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FIELD AND ORCHARD SPRAYING

Ponds may provide water for applying insecticides and fungicides to
field and orchard crops. The amount of water needed for spraying is re-
latively swall, but it is important that it be available when needed.
About 100 gallons per acre for each application should be enough for most
field crops. Orchards, however, may require 1, 000 gallons or more per
acre for each spraying.

Suitable means should be provided to convey water from the pond to
the spray tank. If the pond is of the embankment type, a pipe placed in
the dam and equipped with a valve and a flexible hose at the downstream
end will permit the spray tank to be filled by gravity. 1If the pond is
the excavated type, a small pump will be required to £ill the tank.

FISH PRODUCTION

A pond that is constructed and managed properly may yield from 100 to
300 pounds of fish annually for each acre of water surface. This is about
equal to the beef production realized from average improved grassland.

Ponds with a surface of 1/4 acre to several acres can be managed for
good fish production. Those less than two acres have proven popular since
they are not as difficult to manage as the larger ones.

Shallow water at the edges of a pond promotes waterweed growth, which
makes fish management difficult, and provides a breeding place for mosquitoes.
These problems can be overcome to a large extent by deepening the shallow
edges around the pond. This can be done by borrowing from the pool edge
during construction, or by cutting and filling as shown in Figure 11-1.

IN SHALLOW WATER

po/

T
e
FILL, HERE

REMOVE SOIL TO DEEPEN
Figure 11-1 Deepening pond edges by cut and fill method
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FIRE PROTECTION

The fire protection pond should be located reasonably near the build-
ings to be protected. A centrifugal pump with power unit attached and a
length of hose sufficient to reach all sides of the farthest building
should be provided. It is good practice in areas subject to freezing to
provide for one or more dry hydrants similar to the one shown in Figure
11-2.

A satisfactory fire stream should not be less than 250 gallons per
minute with a pressure at the nozzle of no less than 50 pounds per square
inch. Fire nozzles usually range from 1 to 1% inches in diameter. Good
quality rubber-lined fire hose, 2% to 3 inches in diameter, should be used.
The length of the hose should preferably not exceed 600 feet.

A typical example of a fire hose line is ome consisting of 500 feet of
3-inch hose to which a 1-1/8-inch smooth nozzle is attached. A centrifugal
pump, operated at 85 p,.s.i. will provide a stream of 265 g.p.m. with a
nozzle pressure of 50 p.s.i. Such a stream running for 5 hours would re-
quire 1/4 acre foot of water. Local dealers in pumps, engines, and similar
equipment should be able to furnish the data required regarding pump capa-
cities and engine horsepower.

A fire protection pond may also serve as a source of supply for local
fire departments when accessible to large tank trucks. These trucks are
heavy with a maximum capacity of about 1,000 gallons. They normally carry
about 20 feet of suction hose and generally must operate from all-weather
roads. These points should be considered in location of dry hydrants.
When used for this purpose, hydrant fittings should be designed to fit
local fire company equipment. To make best use of these installations the
fire department should be kept up to date on the location of installations
accessible to their equipment.

RECREATTON

A pond or reservoir can provide recreation, such as swimming, boating
and fishing for the owner, his family, and friends. The area immediately
surrounding the pond can be made into an attractive place for picnics and
games.

Where a pond is used for public recreation, there should be a supply
of water adequate to overcome evaporation and seepage losses and maintain
a desirable water level. The waters must be free of pollution, especially
where they are used for swimming and bathing. If bathing is one of the
intended activities there should be an adequate depth of water in the
vicinity of a gently sloping shore. Minimum facilities for public use and
safety, such as access roads, parking areas, boat ramps or .docks, fire-
rlaces, picnic tables, and drinking and sanitary facilities, should be
provided.

For protection of the public health, most states have laws and regula-
tions governing water supplies being used for such purposes as bathing and

human consumption to meet certain prescribed standards. Such supplies usual-

ly must be tested and approved before their use by the public 1s permitted.




LOovQZ—¥

89—T| *AeY

4 2" Bronze Cap-

Sfeamer Hose i
Connection Bronze Nipple 4Y2 Steamer

; /_fa ¢"orc” Pipe Thread

3 4”or6 " Pipa Elbow
256" Dipe Rrser
Ground Line

Frost Free Depth |

Farm Pond
Pumping éff{naf over 18’

Water Level

e o —— —— — — N — o e e — e — =

e s - — i — A — . —— e e — — —

Cast lron = o .=

= ————— Gravel Coyerm
C il:r

Elbow s ——— Depth of 127

\4"ar6” Galvanized Slee/ or RRAR
Oher Fqually Dvrable Prpe Suction Pipe

(Not Jo scale )

Figure 11-2 Details of dry hydrant installation.

S=11



11-6

WATERFOWL. AND OTHER WILDLIFE

Ponds and reservoirs attract many kinds of wildlife. Migratory water-
fowl often use them as resting places in their flight to and from the North.
In some of the northern states ducks often use them as breeding places,
particularly where there is an ample supply of good food. TUpland game and
game birds use ponds as watering places.

MULTIPLE USES

Where possible, a pond should be constructed to provide water for two
or more purposes. For example, it could be used to provide water for live-
stock, for fish production and for spraying one or more field crops. Stor-
age requirements for each purpose should be considered to be sure of an
adequate supply for all intended uses.

The several purposes for which water is to be used should be. compat- -
ible. Some combinations are not. For example, a pond would not normally
be used for both irrigation and recreation. Unless the reservoir is very
large, most of the water might be removed during the irrigation season,
thereby lowering the water level to a point where boating and swimming
would not be practical. '

LEGAL REQUIREMENTS

Many states have laws that require permits to construct dams for water
storage for any intended use. The technician should know the requirements
in his state and comply with them in the planning, design, and layout of
ponds and reservoirs.

3. TYPES OF PONDS AND RESERVOIRS

Farm ponds and reservoirs may be divided into two general types;
namely, embankment and excavated ponds. An embankment pond is a body of
water created by constructing a dam across a stream or watercourse. These
ponds usually are built in areas where land slopes range from gentle to
moderately steep and where stream valleys are sufficiently depressed to
permit the storage of water to a considerable depth.

An excavated pond is a body of water created by excavating a pit or
dugout. These usually are constructed in relatively level areas. The
fact that their capacity is obtained almost entirely by excavation limits
their use to locations where only a small supply of water is required.

Ponds are also built in gentle to moderately sloping areas where capac-
ity is obtained by both excavation and the comstruction of a dam. For the
purpose of classification, these are considered to be embankment-type ponds
if the depth of water impounded against the embankment exceeds three feet.
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4. SELECTING THE POND SITE

The selection of a suitable pond site should begin with preliminary
studies of possible sites. Where more than one site ie available, each

- should be studied separately with a view of selecting the ome that proves

most practical and economical.

From an economic viewpoint, a pond should be located where the largest
storage volume can be obtdined with the least amount of earthfill. This
condition generally will occur at a site where the valley is narrow, side
slopes- are relatively steep, and the slope of the valley floor will permit
a large deep basin., Such sites tend to minimize the area of ghallow water;
however, they should be examined carefully for adverse geologic conditionms.
Except where the pond is to be used for wildlife, large areas of shallow
water should be avoided due to excessive evaporation losses and the growth
of noxious aquatic plants. '

Ponds to be used for watering livestock should be spaced so that live-
stock will not have to travel more than one-quarter mile to reach them in
rough, broken country, nor more than one mile in smooth, relatively level
areas. Forcing livestock to travel long distances for water is detrimental
to both the livestock and the grazing area. Overgrazing near water and
unused feed far from water are characteristic of inadequate water distri-
bution.

Where water must be conveyed for use elsewhere, such as for irrigation
or fire protection, ponds should be located as close to the point of use
ag is practical.

Ponds to be used for fishing, boating, swimming and other forms of
recreation should be readily accessible by automobile. This is particular-
ly true where the general public is charged a fee for use of the pond., The
success of such an income-producing enterprise may well depend on the acces-
sibility of the pond.

Pollution of farm pond water should be avoided by selecting a site
where drainage from farmsteads, feeding lots, corrals, sewage lines, mine
dumps and similar areas will not reach the ponds. Where this cannot be
done practically, the drainage from such areas should be diverted from
the pond,

The pond should not be located where sudden release of the water, due
to failure of the dam, would result in loss of life, injury to persons or
livestock, damage to residences or industrial buildings, railroads or high-
ways, or cause Interruption of use or service of public utilities. Where
the only suitable site presents one or more of these hazards, a more detail-
ed investigation should be made.

Low-hanging powerlines present a hazard to fishermen and others using
farm ponds. They may be within reach of a fishing rod held by someone
fishing from the top of the dam. Sites under such lines should be avoided.
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A check should be made to. insure that no buried pipelines or cables .
exist in the construction area. These might be broken or punctured by the

excavating equipment, resulting not only in damage to the utility but in
injury to the operator of the equipment as well. Where such a site must

be used, the utility owmners should be contacted prior to foundation investi-
gation or construction.

5. PRELIMINARY SITE STUDIES

In addition to the considerations mentioned for the selection of a
pond location, there are other physical characteristics of the drainage
area and the pond site which should be investigated before the final selec-
tion is made.

ADEQUACY OF THE DRAINAGE AREA

Where surface runoff is the main source of water supply, the contri-
buting drainage area should be large enough to yield sufficient runoff to
majntain the water supply in the pond during all periods of intended use.
The drainage area should not be so large, however, as to require large and
expensive overflow structures to bypass runoff safely.

The amount of runoff that can be expected annually from a watershed
of a given area depends on so many factors that no set rule can be given
for its determination. The physical characteristics of the watershed that
have a direct effect on the yield of water are land slopes, soil infiltra<
tion, vegetal cover and surface storage.  Storm characteristics such as
the amount, intensity and duration of rainfall also affect water yield.
All of these characteristics vary widely throughout ‘the United States.

Exhibit 11-1 can be used as a general guide for estimating the size
of a watershed required for each acre-foot of capacity in a pond or reser-
voilr to maintain normal pool level, if more precise local data is not
available. The map does not apply when ponds are used for irrigation.

MINTMUM POND DEPTH

For a permanent water supply, it is necessary to provide sufficient
water depth to meet the intended use and to offset seepage and evaporation
losses. These losses vary in different sections of the country and also
from year to year in any section. Table 11-3 shows recommended minimum
depths of water for farm ponds, assuming normal seepage and evaporation
losses. Greater depths are desirable where a year-round water supply is
essential or where seepage losses may exceed three inches per month. See
State Standards and Specifications for local minimum depths.
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Table 11-3. Recommended minimum depths of ponds and reservoirs

Annual Minimum Water Depth
Rainfall Over 25 percent of
Climate (inches) the Area
(feet)
Superhumid Over 60 6
Humid 40 -~ 60 8
Subhumid - Moist 30 - 40 9
Subhumid - Dry 20 - 30 10
Semiarid 10 - 20 12
Arid Under 10 14

DRAINAGE AREA PROTECTION

To majntain the required depth and capacity of a farm pond, it is
necessary that the inflow be reasonably free from sediment. The best
protection is adequate erosion control on the contributing drainage area.
Land under a cover of permanent vegetation, such as trees or grasses,
makes the most desirable drainage area. If such an area is not available,
cultivated areas that are protected by necessary conservation practices,
such as terracing, contour tillage, strip-cropping, conservation cropping
systems, vegetated desilting areas, and other soil-improvement practices,
may be utilized as a last resort. Allowance should be made for the ex-
pected sedimentation during the effective life of the structure.

ADEQUACY OF POND CAPACITY

To insure that the water stored in a farm pond will be adequate to
satisfy the intended uses, a reasonable estimate of the pond capacity
should be made. The following is a simple method of estimating capacity.

The pond=full water elevation is egtablished and the waterline is
staked at this elevation. The widths of the valley at this elevation are
measured at regular intervals and these measurements are used to compute
the pond-full surface area in acres. The surface area is multiplied by
0.40 times the maximum water depth at the dam, For example, a pond with
a surface area of 3.2 acres and a depth of 12.5 feet at the dam would
have an approximate capacity of 0.4 x 12.5 x 3.2 = 16.0 ac.ft. (1l acre-
foot = 325,857 gallons). If a more accurate answer is required, the
surface area at successive intervals of elevation may be determined and
the average end-area method may be used to compute the volume.

6. ENGINEERING SURVEYS
Once the location of the pond or reservoir has been determined, suffi-
cient engineering surveys should be made so that the dam, spillway and
other features of the pond can be planned.

Surveys for embankment-type ponds normally will consist of a profile
of the centerline of the dam, a profile of the centerline of the earth
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spillway, and sufficient measurements for estimating the pond capacity.
For the larger and more complex reservoirs, particularly those used to
store water for irrigation, a complete topographic survey of the entire
pond site and cross-section surveys of embankment and spillway locations
may be required.

The profile along the centerline of the proposed dam should extend up

both sides of the valley above the expected elevation of the top of the

dam and beyond the probable location of the earth spillway. The profile
should show ground surface elevations at all significant changes in the
ground slope and at intervals no greater than 50 feet. The profile assists
in establishing critical elevations for the structure including normal pool,
crest of the emergency spillway and top of the embankment. It is used also
to compute the volume of earth required to construct the dam.

A similar profile should be run along the centerline of the earth
spillway from a point on the upstream end, well below the selected normal
water surface elevation, to a point on the downstream end where water can
be safely discharged without damage to the structure. This profile serves
as a basis for determining the slope and dimensions of the spillway.

All surveys made at the pond site should be tied to reference points
and a bench mark. These may be a large spike driven into a tree, an iron
rod driven flush with the ground, a point on the concrete headwall of a
culvert, or any other object so located that it can be expected to remain
undisturbed until construction of the dam has been completed. Figure 11-3
shows a sample set of notes for a farm pond design survey.

Engineering surveys for excavated ponds are relatively simple where
no water is stored against an embankment. Usually the four corners of the
proposed excavation are located on the ground and rod readings taken at
these points. These readings should be referenced to a bench mark and
recorded. Engineering surveys for both embankment and excavated ponds may
be recorded on approved standard forms or data sheets.
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Figure 11-3  Sample notes for a pond design survey.
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PART II - EMBANKMENT PONDS

1. GEOLOGIC INVESTIGATIONS

SOILS IN THE PONDED AREA

The suitability of a pond site depernds on the ability of the soils in
the reservoir area to hold water. The soil profile should contain a layer
of material that is sufficiently impervious and thick to prevent high seep-
age losses. Clays and silty clays are excellent materlals for this purpose.
Sandy clays usually are satisfactory. Coarse textured sands and sand-gravel
mixtures are highly pervious and therefore are generally unsuitable. The
absence of a layer of relatively impervious material over a portion or por-
tions of the ponded area does not necessarily mean that the site must be
abandoned. It usually means, however, that these portions of the area will
-have to be treated by one of the several methods described later in this
chapter under the heading, Sealing Farm Ponds. Any of these methods may
prove to be expensive.

In some areas, such as coastal plains, lake plalns, and river deltas,
it is often possible to impound a limited depth of water over areas where
no impervious layer exists in the soil profile but where a permanently
high water table exists at or near the ground surface.

Some of the limestone areas are especially hazardous for use as pond
sites, There may be crevices, sinks, caverns or channels in the limestone i
below the soil mantle and not visible from the surface. These may drain .
the pond in a short time. In addition, the soils in these areas are often
granular. The granules do not break down readily in water and the soils
remain highly permeable. Without extensive investigations and laboratory
tests, it 1g difficult to recognize all of the factors that might make a
limestone site undesirable. One of the best guides to the suitability of
a site in such areas is the degree of success experienced with farm ponds
in the immediate vicinity.

Borings or test pits should be made at intervals in the reservoir area
to determine the nature of the soil profile. The frequency of these borings
will depend on the occurrence of significant changes in the soil profile.
The borings should be made to a depth sufficient to identify the underlying
materials that may affect the design or safety of the structure. A record,
or log, of each boring or test pit should be made showing the location, depth
and classes of materials encountered. The location of each boring should be
marked on the ground so it can be referenced to other or more detailed surveys.

STUDIES OF FOUNDATION CONDITIONS

The term foundation, as used here, includes the valley floor and its
side slopes, or abutments. The requirements of a foundation for an earth-
fill dam are that it provide stable support for the embankment under all
conditions of saturation and loading, and that it provide sufficient resiste
ance to seepage to prevent excessive loss of water. Adverse foundation con-
ditions can lead to failure of a dam due to cracking, piping, sliding,

settlement, or uplift. .
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The foundation conditions under the proposed damsite should be investi-
gated thoroughly to insure that the site is suitable and that a safe struc-
ture can be designed. The extent of the foundation examination will depend
upon the complexity of the conditions encountered and on the height of the
dam. Borings should be taken or test pits excavated at intervals along the
centerline of the dam. The depth and spacing of the borings or pits should
be sufficient to determine the suitability of the foundatiom.

AVAILABTLITY OF SUITABLE FILL MATERIAL

Fill material must be available in sufficient quantities for construc-
tion of the dam and should be located close enough to the site so that place-
ment costs will not be excessive. Soil borings should be made in the select-
ed borrow areas in order to estimate the kinds and amounts of suitable fill
materials available.

Materials selected for construction of a dam must have sufficient
strength for the dam to remain stable and a sufficiently low permeability,
when compacted, to prevent harmful seepage of water through the dam.

SOILS IN THE SPILLWAY AREA

In most cases it is necessary to bypass excess storm runoff around the
embankment of a farm pond through an excavated earth spillway. For economic
reasons, suitable material excavated from the spillway should be used in the
earthfill. Thus, soil borings should be made along the approximate center-
line of the proposed spillway to determine the type of material that will.be
encountered, its erodibility, and its suitability for use in the embankment.

RECORDS OF SOILS INVESTIGATIONS

A permanent record of all soil borings and test pits made in the reser-
voir area, foundatiom, borrow area, and spillway area should be maintained
in the work unit office. Form SCS 538, Figure 11-4, or a similar form,
should be used to record soil borings.

See Chapter 4 of this manual for guidance in the classification of
the soils encountered, and in determining their suitability as foundation
or construction materials.

2. SPILLWAY REQUIREMENTS

All reservoirs formed by damming natural drainageways require the
protection of a carefully designed spillway or a combination of spillways.
The function of spillways is to pass storm runoff around or under the em-
bankment to prevent overtopping. The spillway also must convey the water
from the pond safely to a stable outlet below without damage to the down-
stream slope of the embankment. Spillways are usually classified as trickle
tubes, principal spillways, and emergency spillways.

3. TRICKLE TUBES
DEF INITION

A small pipe spillway is provided in many farm ponds and reservoirs
to protect the vegetative cover in the emergency spillway from prolonged
saturation by continuous flow, spring flow, or low flows that may continue
for several days during snowmelt or following a storm. This type of spill-
way is designed to discharge such a small percentage of the peak flow that
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Form SCS 538
SOIL INVESTIGATION TO DETERMINE SUITABILITY OF PROPOSED POND SITE
FARMER'S NAME /027 M. Doe DISTRICT _Green v///e

DATE _Mar /) /962 COUNTY_ Greenv:///e
8. C. 8. PHOTO SHEET NO. AX-/68-422 WORK UNIT _Greern v/ /e

WATERSHED AREA MEASUREMENTS
CROPLAND /Z__ ACRES PASTURE_/4 _ ACRES . Smith
WOODLAND_//_ ACRES TOTAL__.Z5 ACRES| POND CLASS | WORK UNIT CONSERVATIONIST
SKETCH OF PROPOSED POND SHOWING WHERE BORINGS WERE MADE (Approx. scale 1/ = feet)
Locate referenice point on center line of dam and identify on sketch,
,
/ - \\
[o]
/_IA ] - & .
e I
1~ __’f’ (=4 4 b/
/ 3 -
—# n
Z
\
AL Tl 0|?
N ~ =
T
\% N
‘ $/0 -
\\"‘m..__ 3
\ —*__
\\ - Eend Bl sl S0
e ——] q
\-(, Eor is o’ ™ #
' Ll _]_[Préa] |
'S.P '//y‘;?'-":-—-+_a;
SHOW BORING NUMBER AND PROFILE ¢

DEPTH Make and list dam-site and spillway borings first - then ponded area and borrow pit borings - separate with vertical red line.
S_. E (Continued on back where necessary) Show water table elevations on dam-site borings,

1fefaflasfefrlisfofliofufluzffauaasTuearJusTro2offor 22 28
/.0 __|smismlmu |smlselsmlsaisc | e fime
2.0 lcLismimellcs isclict ] salsclsml e
3.0 |cLsMlsmlce |scfcs | sl sc)sr|me
3.5 |CHICL |SMIce | smiice [ce [|smLsmlsm
2.0 |cwlec e lewlsmilcel o sal salsm
5.0 |JeHICL L leHllctiicH | celiczicHlcL
6.0 |cwlew|enicwenlewlicn|crlcHlce

BORINGS MADE BY. = L. WaTers  sionature & mrie 22 Wm&mfw

Figure 114 Soil investigation form. (Sheet | of 2)
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TYFES OF MATERIAL ENCOUNTERED IN BORINGS

GW Well graded gravels; gravel-sand mixtures

GP Poorly graded gravels

GM Silty gravels; gravel-sand-silt mixtures

GC Clayey gravels; gravel-sand-clay mixtures

sW Well graded sands; sand-gravel mixtures

5P Poorly graded sands ’

5M Silty sand

sC Clayey sands; sand-c¢lay mixtures

ML Silts; silty, v. fine sands; sandy or clayey silts

CL Clays of low to medium plasticity; silty, sandy or gravelly clays
CH . Inorganic clays of high plasticity; fat clays

MH Elastic silts; micaceous or diatomaceous silts

OL Organic silts and organic silty clays of low plasticity
OH Organic clays of medium to high plasticity

1. Suitable material for embankment is available [<]Yes [_':] No  (Indicate where localed on the skeich on
reverse side) ’

REMARKS:
Material in borrow oréas ornd sp/l/way orea

/S Switaoble For embonkrrment £rrr.

2. Explain hazards requiring special attention in design (Sespage, spring.. rack et
Clearr ouvt old Chonne! *o 7aaa/ moterial. This

Show/d extend ror /ts eniire /ength wunder rhe
Crrborkrert. Bocklil with marteriol From borrow

area, and Compoct as /.'e?-_u/rea/ Aor rmaxirne

dgdenssrty
GENERAL REMARKS:

Site js satistactory For Stock water pond.

Figure 11-4  Soil investigation form. Sheet 2 of 2
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it has no measurable effect on the emergency spillway design. This type
of spillway is commonly called a trickle tube. ‘

DESIGN CAPACITY

The design capacity of a trickle tube should be adequate to discharge
long-duration, continuous, or frequent flows without flow through the earth
spillway.

4. PRINCIPAL SPILLWAYS
DEF INTTTON

The principal spillway 1is constructed of permanent material, and usu-
ally is designed to provide flood protection or to reduce the frequency of
operation of the emergency spillway. 1Its discharge capacity depends upon
the purpose of the reservoir and the use for which the spillway is designed.
If the reservoir is to be used for retarding flood flow, it discharges a
low percentage of the peak flow. At locations where an emergency spillway
is not feasible the primcipal spillway should be designed to discharge the
runoff for the design storm.

DROP INLET SPILLWAYS

One type of principal spillway that is commonly used with farm ponds
and reservoirs is the drop inlet spillway. It consists of a pipe barrel
located under the embankment with a riser connected to the upstream end.
The elevation of the crest of the riser determines the normal pool level -
in the reservoir. This type of spillway may be used to drain the pond or .
to supply water for irrigation or other purposes by installing a valve or
gate in the upstream end of the barrel.

Desigg

Small diameter pipes are particularly susceptible to clogging with
trash and rodents. For this reason no barrel smaller tham 6 inches in
diameter and no riser smaller than 8 inches in diameter should be used.
Where the riser is to be constructed of reinforced concrete or concrete
block, the insjide dimensions should not be smaller than 24 by 24 inches.

The crest elevation of the emergency spillway should be located at
an elevation above the crest of the drop inlet equal to the head required
to develop design flow through the principal spillway conduit.

Drawings and design information are given in Chapter 6 of this manual.
Construction methods and materials are covered in Chapter 17. Also see
Exhibit 11-4 for determining the capacity of principal spillways consider-
ing temporary storage.

HOOD TNLET SPILLWAYS

Another type of principal spillway commonly used with farm ponds and
reservoirs is the hood inlet spillway. It consists of a pipe laid in the
earth embankment in a manner that the elevation of the invert of the pipe
at its upstream end establishes the normal pool level in the reservoir. The
inlet end of the pipe is cut at an angle to form the hood. An anti-vortex
device, usually made of metal, is attached to the entrance of the pipe to
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increase the hydraulic efficiency of the tube. The hood inlet spillway
often can be constructed at less cost than the drop inlet type because
there is no expense for a riser. This type of spillway has one major

disadvantage in that it cannot be used as a drain or water supply pipe.

Pipe smaller than 6 inches in diameter should not be used because of
the danger of becoming clogged. The crest elevation of the emergency
spillway should be located a distance above the invert or crest eleva-
tion of the hood inlet spillway at least equal to the value of the
minimum head, h, required to provide full pipe flow, but in no case less
than 12 inches.

See Chapter 6 of this manual for further design information and typi~
cal installations, and Chapter 17 for construction methods and materials.
See.Exhibt 11-4 for determining the capacity of principal spillways con-
sidering temporary storage.

5. EMERGENCY SPILLWAYS

An emergency splllway i1s an earth or a vegetated channel, usually
designed to discharge flow In excess of the principal spillway design
discharge. Where watersheds are small and long duration flows are not a
problem, it may be feasible to handle the runoff safely with only a
vegetated spillway. ‘

Emergency spillways, as discussed here, apply to both the vegetated
and nonvegetated spillways, the latter being used where climatic or soil
conditions make it impossible to grow or maintain a suitable grass
cover. Emergency spillways are usually excavated, but may exist as a
natural spillway such as natural draw, saddle or drainageway. In either
case the spillway must discharge the design peak flow at a non-erosive
velocity to a safe point of release, Ordinarily, emergency spillways,
whether vegetated or nonvegetated, should not be built on fill material.

LIMITATIONS

Emergency splllways have certain limitations. They should be used
only where the soils and topography will permit safe discharge of the
peak flow at a point well away from the dam and at a velocity which will
not cause appreciable erosion. Temporary flood storage provided in the
reservoir may be used to reduce the design flow or frequency of use of
the spillway.

DESIGN SPILLWAY CAPACITY

Emergency spillways should have the minimum capacity to discharge the
peak flow expected from a design storm of the frequency and duration
shown in the following table less any reduction creditable to conduit
discharge and detention storage. The procedure for determining peak
flood flow is presented in Chapter 2 of this manual,

EFM Notice 9, 4/80
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Level Portion

€
Exit.Channel

! Wing Dike
Embankment Inlet Chann Embankment
Channel

(Note: Neither the location nor X (Note: Use care to

the alignment of the level por- . ‘keep all machinery
tion has to coincide with the [ and traffic out of
center line of dam.) ¢ the spillway discharge

& area to protect sod.)

Excavated Earth Spillway Optional with
sod or riprap
on wing dike

PLAN VIEW OF EARTH SPILLWAYS

~ Water Surface
“T
Hp

Exit Channel
L

Level
Portion

PROFILE ALONG CENTERLINE

CROSS-SECTION OF LEVEL PORTION

Definition of terma:

Hp = Depth of water in reservoir above crest

L = Length of level portion min 7.6 meter (25 ft.)
b = Bottom width of apillway

S0 = Slope for exit channel

Se = Slope of inlet channel

Figure 11-5: Profile and cross-section of excavated earth spillway

EFM Notice 9, 4/80
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Minimum Spillway Capacity (SI Units)

Drainage Effective height of Storage Minimum design storm
area ‘ dam Frequency Minimum
duration
hectare m *dam3 yr. hr.
8orless ............. v 6 or less less than 60 10 24
8or less .vvoviiinnnnn. ‘. more than 6 less than 60 25 24
More than 8 ...... R 6 or less less than 60 25 24
all other e e e B e 50 24

*dam (cubic dekameter) = 1,000 m3

Minimum Spillway Capacity (English Units)

Drainage Effective height of Storage Minimum design storm
area dam Frequency Minimum
duration
acre ft acre-ft yT. hr.
20 0r 1eSs ..ueviinnaann. 20 or less less than 50 10 24
20 0r 155 .iiininnnnnn o More than 20 less than 50 25 24
More than 20 .......... . 20 or less less than 50 25 24
all other ............. e e e 50 24

EXCAVATED SPILLWAYS

Elements of Excavated Spillways

Excavated spillways consist of the three elements shown in Figure 11-
5. These are inlet channel, level portion, and exit chanmel. Each
element has a special function. The flow enters the spillway through
the inlet channel. The depth of flow Hp located upstream from the level
portion is controlled by the inlet channel, level portiom, and exit
channel., The flow is controlled im the level portion and then dis-
charged through the exit channel. Flow in the exit channel can be

either subcritical, critical, or super critical.

Excavation of the inlet chamnel or the exit channel,
omitted where the natural slopes meet the minimum slope
The direction of slope of the exit channel must be such
will not flow against any part of the dam. Wing dikes,
kicker levees or training levees, may be used to direct
safe point of release.

The spillway should be excavated into original earth

or both, may be
requirements.
that discharge
sometimes called
the outflow to a

for the full

design depth. Where this is not practical, the end of the dam and any
earthfill constructed to confine the flow should be protected by vegeta-
tion or.riprap. It is desirable that the entrance to the inlet channel
be widened so it is at least 50 percent greater than the design bottom
width of the level portion. The inlet channel should be reasonably
ghort and should be planned with smooth, easy curves for aligmment. It
should have a slope toward the reservoir of not less than 2.0 percent,

except in rock, to insure drainage and low inlet losses.

EFM Notice 9, 4/80
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The level portion should be located near the intersection of the
extended centerline of the dam with the centerline of the spillway and
have a length of at least 7.5 meters (25 feet).

The exit channel must have a slope that is adequate to discharge the
peak flow within the channel. The slope, however, must be no greater
than that which will result in maximum permissible velocities for the
soil type or the planned grass cover. The exit channel should be
straight and should confine the outflow to a point where the water may
be released without damages to the fill.

Selecting Spillway Dimensions

With the required discharge capacity, the degree of retardance,
permissible velocity, and the natural slope of the exit channel known,
the bottom width of the level and exit sections and the depth of the
flow (Hp) may be computed from Exhibit 11-2, The natural slope of the
channel should be altered as little as possible.

The selection of the degree of retardance for a given spillway will
depend mostly upon the height and density of the cover chosen (Exhibit
11-2, Table 2). Generally, after the cover is selected, the retardance
with a good uncut condition will be the one to use for capacity deter-
mination. Since a condition offering less protection and less retard-
ance exists during the establishment peroid and after mowing, it may be

advisable to use a lower degree of retardance when designing for stability.

When the anticipated average use of a spillway is more frequent than
once in 5 years, the maximum permissable velocities shall be in accord-
ance with Exhibit 11-2, Table 1 for vegetated spillways and Exhibit 11-
2, Table 4 for earth spillways. For vegetated spillways only, the
maximum permissible velocity may be increased 10 percent when the.
anticipated average use is not more frequent than once in 5 years or 25
percent when the anticipated average use is not more frequent than once
in 10 years. '

Water surface profiles were calculated by computer for all the
anticipated spillway conditions and based on the retardances described
in 8CS TP-61. Critical slope and depth proved to be of minor importance
-in detting Hp, so Exhibit 11-2, Tables 3A through E were developed from
the water surface profiles and will carry the design flow as shown.
Tables 3A through E give minimum and maximum slope requirements for the
various discharges q, velocitles V, and retardance given,

Some velogities in _Exhibit 11-2 Tables 3A - E show different dis-
charges in m /s/m (ft”/s/ft) for the same Hp values. The Hp values are
set to insure design q at the minimum slope, but velocities at minimum
‘'slope may not reach maximum velocity. The maximum velocity will only be
achieved where the exit channel is at maximum slope. Rounding is also
part of the reason. Table 3A - E are not appropriate for bottom widths

less than 2.4 meters (8 feet). Table 3E should be used for earth spillways.

EFM Notice 9, 4/80
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Spillway side slopes should be no steeper than 3:1 unless the
spillway is excavated into rock, in which case the side slopes may
be vertical.

Usually the selected bottom width of the channel should not exceed 35
times the design depth of flow. Where this ratio of bottom width to
depth is exceeded, the channel is likely to be damaged by meandering
flow and. accumulated debris. Whenever the required bottom width of the
spillway 1is excessive, consideration should be given to the use of a
spillway at each end of the dam. These two spillways need not be of
equal width so long as their total capacity meets requirements. In
cases where the required discharge capacity exceeds the ranges shown in
the above exhibits, or topographic conditons will not permit the con-
struction of the exit channel bottom with a slope that falls within the
ranges shown in these exhibits, the design is beyond the scope of this
manual.

See Exhibit 11-4 for principal spillway discharge requirements ad-
Justed for temporary storage provided in the reservoir. Emergency
spillway design flow may be adjusted to consider the outflow through the
principal spillway.

NATURAL SPILLWAYS

Many times large expanses of good sod are destroyed to provide the
minimum slopes for an excavated spillway. This may increase the con—
struction cost and will increase maintenance costs. Wherever there is a
good vegetative cover in the spillway area and the topography suitable,
consideration should be given to the use of a natural spillway. The

discharge capacity can be computed by the following procedures.

Discharge Through Natural Vegetated Spillways

In a natural spillway the outflow takes place around the end of the
embankment on natural or undisturbed ground. The number of possible
cross sections and profile shapes is so great that an analysis here of
the rate of flow for each condition is impractical.

In most cases the level portion of the flow route will be V-shaped,
one side determined by the embankment end slope and wing dike, and the
other by the natural ground. The ground slope should be determined
along a line perpendicular to the contour direction within the flow
depth range. See Figure 11-6.

The end of the dam should be approximately perpendicular to the
contours of the abutment. A short wing dike may be used to protect
the toe of the embankment. The exit slope away from the control section
should be within the slope ranges given in Exhibit 11-5,

EFM Notice 9, 4/80
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End slope should be protecred with rock riprop,

Top of Dasn Level! Rrthen

somiayn Pater Elovation
/ Rkt

TYPICL) CONTROL SECTION -

la'ural Greund-

spillway ’\N" v /

Tag of Dasm
to be per-

pendicular
to slope.

PROFILE : Ving dlke / p

‘protect
embankpment .

PLAN VIEW

Figure 11-16 Plan, profile and eross section of a natural vegetated
spillway.

‘Discharge (Q), velocity (V) and depth of water iun the reservoir above
the crest (Hp), were determined using water surface profiles calculated
by computer. The spillway was segemented into 0.6 meter (2 foot) segments,
then using data from watar surface profiles a discharge for each segement
was determined ‘for a specific depth, length of flow, and retardance.
Total Q is the sum of the discharges of each segement. Exhibit 11-5 was
then developed using the given parameters.

Determining the Maximum Water Elevation in Reservoir

With the required discharge capacity (Q), the end slope of the
embankment (Z.), and the slope of the natural ground (Z,), known; the
maximum depth of water above the level portion (Hp), can be obtained
from Exhibit 11-5. The depth is added to the elevation of the spillway
crest to determine the maximum elevation to which water will rise in the

reservoir.

EFM Notice 9, 4/80
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Exhibit 11-5 has been developed for an end slope of 3:1 and natural
ground slopes of 1 to 5 percent.

An example showing the use of Eihibit 11-5 is as follows:

(SI Units) (English Units)

Given: Given:

Q = 2.43 m3/s (From Chapter 2) Q = 86 ft3[s (From Chapter 2)
Vegetation: Bermudagrass Good Stand Vegetation: Bermudagrass Good Stand
Height: 15 to 25 cm . Height: 6 to 10 inches

Slope of Natural Ground 1.0% Slope of Natural Ground 1.0%
Solution: Solution:

From Table 2 Exhibit 11-2: From Table 2 Exhibit 11-2:
Determine a Retardance of C Determine a Retardance of C
From Exhibit 11-5: From Exhibit 11-5:

Enter under Z, slope 1% Enter under Z, slope 1%
Under Retardance C column Under Retardance C column
find a Q = 2.43 m3/s find a Q = 86 £t /s

at Hp = 0.40 m and at Hp = 1.3 ft and

V= 0.82 m/s V=27 ft/s

Velocity is well below the maximum permissable velocity of 2.4 m/s

(8 ft/s) given in Table 1 Exhibit 11~-2, Hp can be determined by inter-
polation when necessary. For a Q greater than listed in Exhibit 11-5,
the spillway should be excavated according to Exhibit 11-2.

PROTECTION AGAINST EROSION

Earth spillways should be protected against erosion by a good vegetal
cover, if soil and climate permit, As soon after construction as is
practical, the entire spillway area should be thoroughly prepared
for seeding or sodding. Liberal amounts of fertilizer should be used
where moisture is available or can be applied. 1In cases where the
subsoil is low in fertility, it may be desirable to save the topsoil
and spread it in the excavated spillway. Adapted perennial grasses or
perennial grasses and legumes should be sown, protected, and treated
until a good stand has been established. Mulching is usually necessary
to protect the seeding on ‘the spillway slopes. Irrigation of the spill-
way area Is often needed to assure adequate germination and growth,
particularly when seeding must be done during relatively dry periods.
Where the added cost is justified, sprigging or sodding with suitable
grasses will afford quick protection.

EFM Notice 9, 4/80
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6. DRAINS AND WATER SUPPLY PIPES

. DRAIN PIPES

Some state agencies require that provision be made for draining farm
ponds, fluctuating the water surface elevation to eliminate breeding places
for mosquitos, or meeting other State requirements. Providing for drainage
of farm ponds i3 a desirable practice in that it permits good fish manage-
ment and allows for maintenance and needed repairs without cutting the £ill
or resorting to other devices to remove the water. The drain pipe should
be extended beyond the upstream toe of the dam and be equipped with a suit-
able gate or valve.

WATER SUPPLY PIPES

A water supply pipe should be installed under or through the dam
where water 1s to be used below the dam, such as for stockwater, irriga-
tion, cox f1108ing a Spoayotaok. This pipe usually is in addition to the
principal spillway or trickle tube. The water supply pipe should have
water~tight joints and be equipped with a suitable valve and strainer at
its upper end. For small rates of flow, such as are needed to fill live-
stock or spray tanks, lk-inch diameter steel pipe is generally used. Where
larger rates of flow are required, such as for irrigation purposes, larger
diameter pipe are commonly used. Water supply pipes should be provided
with anti-seep collars to retard seepage. (See Figure 1l-7 for a sketch
of a stock watering facility.)

COMGRETE COLLAR

riLTeR

-----

CUTAWAY VIEW TO jupw STOCK s -
WATER FiFg UNDER EmBAmKMENT -~ SR G s B B METRL A el T T IEE TR OUION e e bt

SEMI-FEAVIOUS WATERIAL WATY BE yQD,
BUCH AN BILT ARD WILTY SRAVELD aup SANOE

ORMinaL SROUNG LINE
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Figure 11-7 Emwbankment pond equipped with a stock watering facility
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7. DESIGN OF EARTHFILL EMBANKMENTS
FOUNDATIONS .

It is possible to construct a safe earthfill dam on almost any founda-
tion if the foundation has been thoroughly investigated and the design and
-construction procedures are adapted to site conditions. Some foundation
conditions require construction measures that are relatively expensive which,
in the case of small farm ponds, cannot be justified. Sites with such founda-
tion conditions ordinarily should be abandoned.

The most satisfactory foundation is one that consists of, or is under-
lain at a shallow depth by a thick layer of relatively impervious consoli-
dated material. Such foundations cause no stability problems. Where a
suitable layer occurs at the surface, no special measures are required.

It is sufficient to remove the top-soil and scarify or disk the area to
provide a bond with the material in the dam.

Where the impervious layer 1s overlain by previous material a compact-
ed clay cutoff, extending from the surface of the ground into the impervious
layer, is required to prevent possible failure by piping and to prevent
.excessive seepage. '

Where the foundation consists of highly pervious sand or sand-gravel
mixture and any impervious clay layer is beyond economical reach with
available equipment, a detailed investigation should be made. While such
a foundation might be satisfactory insofar as stability is concerned,
.corrective measures will be required to prevent excessive seepage and .
possible failure.

A foundation consisting of or underlain by a highly plastic clay or
unconsolidated material requires a very careful investigation and design
in order to obtain stability.

Water impounded on bedrock foundations seldom gives cause for concern
unless the rock contains seams, fissures or crevices through which water
may escape at an excessive rate. Where rock is encountered in the founda-
tion, a very careful investigation of the nature of the rock is required.

See Chapters 4 and 17 of this manual for further guidance.

FOUNDATION CUTOFFS

Where the foundation consists of pervious materials at or near the
surface, with rock or impervious materials at a greater depth, seepage
through the pervious layer should be reduced to prevent piping and exces-
sive losses. Usually a cutoff joining the impervious stratum in the
foundation with the base of the dam is needed.

The most common type of cutoff is one constructed of compacted clayey
material. A trench is cut parallel to the centerline of the dam to a
depth that extends well into the impervious layer. The trench is extended
into and carried up the abutments of the dam as far as pervious material .
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exists that might allow seepage under the embankment, The trench should
have a bottom width of not less than 4 feet but adequate to allow use of
equipment necessary to obtain proper compaction. Its sides should be no
steeper than 1:1. The trench should be filled with successive thin layers
of relatively impervious material, each layer being thoroughly compacted
at near optimum molsture conditions before the succeeding layer is placed.
Any water collected in the trench should be removed before backfill opera-
tions are started. (See Chapter 17 of this manual).

EMBANKMENT TOP WIDTH

A conservative top width for dams under 10 feet in height 1s 8 feet.
The top width should be increased as the height of the dam increases.
Table 1l-4 contains recommended top widths for embankments of various
heights. See State Standards and Specifications for local requirements.

Where the top of the embankment is to be used for a roadway, the top
width should provide for a shoulder on each side of the traveled way to
prevent raveling. The top width in such cases should not be less than
14 feet.

Table 1l-4. Recommended top widths for earth embankments

Height of Dam Top Width
(feet) (feet)
Under 10 8
10 to 15 10
15 to 20 12
20 to 25 14

EMBANKMENT SIDE SLOPES

The side slopes of a dam depend primarily on the stability of the
material in the embankment. The greater the stability of the fill mate-
rial, the steeper the side slopes may be. The more unstable materials
require flatter side slopes. Table 1l-5 contains recommended maximum
slopes for the upstream and downstream faces of dams constructed of vari-
ous materials. See State Standards and Specifications for local require-
ments.

Table 11-5. Recommended side slopes for earth embankments

Side Slopes
Fill Material Horizontal to Vertical

Upstream Dovnstream

Clay CH
Clayey sand SC Sandy clay CL 3tol 2tol
Silty clay CL Silty sand SM or
Clayey gravel GC Silty gravel GM 2% to 1 2% to 1

Silt ML or MH Clayey silt ML 3tol 3tol
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FREEBOARD

Freeboard is the added height of the dam provided as a safety factor
to prevent waves or runoff from storms greater than the design frequency
from overtopping the embanlment. It is the vertical distance between the
~ elevation of the water surface in the pond when the spillway is discharg-
ing at designed depth and the elevation of the top of the dam after all
settlement has taken place. Where the maximum length of a pond is less
than 660 feet, a freeboard of not less than 1.0 foot should be provided.
For ponds with lengths between 660 and 1,320 feet the minimum freeboard
should be 1.5 feet. For ponds up to % mile in length, the minimum free~
board should be 2.0 feet. See State Standards and Specifications for
local requirements.

ALLOWANCE FOR SETTLEMENT

Settlement includes the consolidation of the £1i1l materials and the
consolidation of the foundation materials due to the weight of the dam
and the increased moisture caused by the storage of water.

Settlement or consolidation depends on the character of the materials
in the dam and foundation and on the methods and speed of comnstruction.
The design height of earth dams should be increased by an amount equal to
the estimated settlement. This increase should not be less than 5 percent.

EARTHWORK.COMPUTATION

The estimate of the volume of borrow required should include the dam, .
allowance for settlement, backfill for the cutoff trench, backfill for
existing stream channels and holes in the foundation area, and any other
embankment the contractor is required to perform.

Volume estimates for dams usually are made on the basis of cubic
yards of earthfill in place. The common method of estimating the volume
of earthfills is the "sum of end ‘areas" method. With the fill heights,
side slopes and top width established, the end area of the cross section
at each station along the centerline may be obtained from Exhibit 11-6.

For example, assume that a dam has slopes of 3 to 1 on both upstream
and downstream sides and a top width of 12 feet. For a point along the
centerline where the fill height is 15.0 feet, the exhibit shows that the
end area at that point is 675 + 180 or 855 square feet. The number of
cubic yards of fill between two points on the centerline of the dam is
equal to the sum of the end areas at the two points multiplied by the
distance between these points and divided by (2 x 27) or 54. The total
volume of earthfill in the dam is the sum of all such segments. A
sample volume estimate illustrating the use of thé "sum of end areas"
method is presented in Table 11-6.
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Table 11-6. Sample volume computations using "“sum of end areas" method

Sum of

Ground Fill End End Double
Station | Elevation | Height | Area 1/ Areas Distance Volume
(feet) | (sq.ft.) | (sq.ft.)| (feet) [ (cu.ft.)

0+ 50 ~ 35.0 0.0 0
44 18 792

+ 68 32.7 2.3 44
401 32 12,832

14 00 25.9 9.1 357
1066 37 39,442

+ 37 21.5 13.5 709
' 1564 16 25,024

+ 53 20.0 15.0 855
1730 22 38,060

+ 75 19.8 15.2 | 875
_ 1781 25 44,525

2 + 00 19.5 15.5 906
1730 19 32,870

+ 19 20.3 14.7 824
1648 13 21,424

+ 32 20.3 14.7 824
1805 4 7,220

+ 36 18.8 16.2 981
2030 4 8,120

+ 40 18.2 . 16.8 1049
2064 3 6,192

+ 43 18.5 16.5 1015
1911 3 5,733

+ 46 19.6 15.4 896
1771 13 23,023

+ 59 19.8 - 15,2 875
1650 41 67,650

3 4 00 20.8 14.2 775
1023 35 35,805

+ 35 27.7 7.3 248
324 25 8,100

+ 60 31.6 3.4 76
76 36 2,736
3+ 96 35.0 0.0 0 -

i Total 2/ ) 379,548

1/ End areas based on 12-foot top width and 3 to 1 slopes on both sides.
2/ Double volume in cu.ft. is divided by 54 to obtain volume in cu.yds.

21%ﬁ§2§ = 7,029 cu. yds.

Allowance for settlement (5%7)
Total Volume

351 cu. yds.
7,380 cu. yds.
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The sample volume estimate of 7,380 cubic yards includes only. that
volume of earth required to complete the dam itself. An estimate of the
volume of earth required to backfill the core trench, old stream channels
and other required excavation should be made and added to the estimate
made for the dam. For example, assume that in addition to the volume
shown in Table 11-6, there is a cutoff trench to be backfilled. The dimen-
sions of the trench are as follows:

Average depth = 4,0 feet
Bottom width = 8.0 feet
Side slopes = 1ltol

Length = 177 feet

The volume of backfill is computed as follows:

End Area = (8 x 4) + (4 x 4)
= 32 + 16 = 48 square feet.
Volume = 48 x 177 = 315 cubic yards.
27

Adding this to the volume required for the dam itself, the total
volume becomes 7,380 + 315 = 7,695 cubic yards.

PLANS AND SPECTFICATTONS

All information developed during the design process should be recorded
in the form of an engineering plan for the pond. This plan should show all
pertinent elevations and dimensions of the dam, the dimensions and extent
of the cutoff trench and other areas requiring backfill, the location and
dimensions of the trickle tube and other planned appurtenances, and all
other information pertinent to the construction of the dam. The plan should
also include a bill of materials listing the quantity and type of all con-
struction materials required. A sample plan of a farm pond embankment is
shown in Figures 11-8 and 11-9.

Applicable engineering standards and construction specifications have
been developed in each state for ponds and reservoirs. To obtain a quality
job of comstruction the owner and contractor must understand all require-
ments. Both the owner and the contractor should be furnished copies of
the plans and specifications.

8. STAKING FOR CONSTRUCTION

Staking is a means whereby the information on the farm pond plans is
transmitted to the job site. This information will provide lines, grades,
and elevations required for construction of the job in accordance with the
plans. Consideration should be given to the contractor's wishes in stak-
ing so that he can make the most effective use of the stakes. The quality
and appearance of the completed job will reflect the care and thoroughness
exercised in the staking procedure.
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The areas to be cleared usually will consist of the damsite, the
spillway site, the borrow area, and the area over which water is to be
impounded. Each of thege areas should be clearly marked with stakes or
flags. 1In the case of the pond area, the proposed waterline should be
located accurately with a level and rod. Clearing stakes should be at-
least 15 feet outside this waterline to give a cleared area around the
edge of the reservoir.

The embankment is located by setting stakes along its centerline at
intervals of 50 feet or less. Usually this will have been done during the
course of the initial planning survey. Fill and slope stakes are then set
both upstream and downstream from the centerline stakes marking the points
of intersection of the side slopes with the ground surface. See Chapters
1 and 17 for procedures on slope staking.

The earth spillway is located by staking the centérline and then sett-
ing cut and slope stakes along the lines of intersection of the spililway
side slopes with the natural ground surface. The procedure for setting
these stakes is the same as for staking the embankment, except that they
are cut stakes rather than fill stakes. They should be offset so they will
remain in place for ready reference during construction.

Where suitable fill material must be obtained from a borrow area, it
1s essential that this area be clearly located. Cut stakes should be set
to control excavation within the limits of suitable material and to drain
the borrow area.

A principal spillway or trickle tube should be located by stakes off-
set from the centerline of the conduit and placed at intervals not exceeding
50 feet. The principal spillway should be located where it will rest on a
firm foundation. Cuts from the tops of the stakes to the grade elevation
of ‘the tube should be plainly marked on the stakes. The locations of the
riser, drainage gate, antiseep collars, conduit, outlet structure, and
other appurtenances should be located by additional stakes, clearly marked.

Figure 11-10 presents a sample set of comstruction layout notes for
an embankment and earth spillway. Design, layout, and check notes may be
recorded on approved standard forms or data sheets.

9. CONSTRUCTION METHODS AND SPECIFICATIONS

Attention to details of construction and adherence to specifications
are as lmportant as adequate investigations and safe design. A safe design
can be ruined by poor construction.

Chapter 17 of this manual provides guidance on construction methods
for the various elements of a pond or reservoir. Specifications for the
work should conform to State Standards and Specifications applicable to
the site and the purpose of the structure. '
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Figure 11-10 Construction layout notes.
(Sheet | of 2)
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10. POND AND RESERVOIR PROTECTION

A farm pond should not be considered complete until proper protection
from erosion, wave action, livestock and other sources of damage has been
provided. Ponds that lack such protection may be short-lived, and the
cost of maintenance is usually high.

PROTECTION AGAINST ERQSION

In most areas the exposed surfaces of the dam, spillway, borrow areas
and other disturbed surfaces can bg protected against erosion by establish-
ing a good cover of sod-forming grass in accordance with the local Technical
Guide.

PROTECTION FROM WAVE ACTION

Occasionally there 1s need for better protection against wave action
than will be provided by a grass cover. Some methods used to provide this
protection are earth berms, log booms, and rock riprap.

Berms

A berm, 8 to 10 feet in width, located at normal pond level often
will provide adequate protection from wave action. The face of the dam
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above the berm should be protected by vegetation.

Booms

A boom may consist of a single or double line of logs chained together
and securely anchored to each end of the dam. The logs should be tied end
to end as close together as is practical. There should be enough slack in
the line to allow the boom to adjust itself to fluctuating levels in the
reserv